The KASCADE-Grande experiment operated at KIT from January 2004 to November 2012, measuring EAS generated by primary cosmic rays in the 10 16 − 10 18 eV energy range. The experiment detected, for each single event, with a high resolution, the total number of charged particles (N ch ) and of muons (N µ ).
Introduction
to an extra-galactic origin of cosmic rays in this energy range. 10 The results obtained at lower energies by KASCADE [1] and 11 EAS-TOP[2] as well as by other experiments suggest that the 12 Email address: andrea.chiavassa@to.infn.it (A. Chiavassa) 1 now at: Istituto Nazionale di Ricerca Metrologia, INRIM, Torino. 2 now at: DLR Oberpfaffenhofen, Germany. 3 now at: University of Duisburg-Essen, Duisburg, Germany. 4 now at: University of Trondheim, Norway. knee in the primary energy spectrum observed at 3 − 4 × 10 15 eV 13 is due to a break in the spectrum of light elements (Z≤ 6).
14 Several models foresee a rigidity dependence of such breaks. 15 Therefore, a knee of the heavy component is expected around 16 10 17 eV. Such features can only be investigated by precise mea-17 surements both of the all-particle spectrum (i.e. the spectrum 18 of the entire event sample) and of the spectra of different mass 19 groups (i.e. the spectra of event samples obtained applying a 20 primary mass dependent selection). 21 The evolution with energy of the primary chemical compo- and operates jointly with the existing KASCADE detectors.
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The joint measurements with the KASCADE muon tracking The energy of the primary particle that originated the de- 
Results

KASCADE-Grande
Figure 2: The all-particle energy spectrum obtained with KASCADE-Grande. The residual intensity after multiplying the spectrum with a factor of E 2.918 is displayed as well as the band of systematic uncertainty.
To take into account the shower evolution in atmosphere to the content of this specific charged particle and muon num-244 ber bin (log 10 (N ch ); log 10 (N µ )) in the previously mentioned bi-245 dimensional spectra, can be described by an integral equation:
dJ n d log 10 E p n sinθ cosθ d log 10 E dθ (4) One has to sum over all N nucl elements contributing to the of the intervals used for the harmonic analysis are converted to 311 primary energy and the median energy of the events in each bin 312 is defined as representative energy. 313 log 10 (N ch ) E (PeV) A sid × 10 −2 hours 5.2-5.6 2.6 × 10 15 0.26 ± 0.10 15 ± 1.4 5.6-6 5.5 × 10 15 0.39 ± 0.17 16.3 ± 1.6 6.0-6.4
1.2 × 10 16 0.67 ± 0.41 8.4 ± 2.2 6.4-6.8 2.5 × 10 16 0.5 ± 1.0 18.4 ± 6.6 > 6.8 6.3 × 10 16 4.6 ± 2.2 16.1 ± 1.8 log 10 (N ch ) E (PeV) U.L. 10 −2 P % 5.2-5.6 2.6 × 10 15 0.49 3 5.6-6 5.5 × 10 15 0.77 7 6.0-6.4
1.2 × 10 16 1.54 26 6.4-6.8 2.5 × 10 16 2.8 85 > 6.8 6.3 × 10 16 9.3 11 Table 1 : Results of harmonic analysis through the East-West method for five intervals of N ch . 
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